Background--Cardiogenic shock (CS) is associated with significant morbidity, and mortality rates approach 40% to 60%. Treatment for CS requires an aggressive, sophisticated, complex, goal-oriented, therapeutic regimen focused on early revascularization and adjunctive supportive therapies, suggesting that hospitals with greater CS volume may provide better care. The association between CS hospital volume and inpatient mortality for CS is unclear.
C ardiogenic shock (CS) is a highly morbid, often fatal condition for which timely advanced therapy is critical. This syndrome, the hallmark of which is acute myocardial contractile dysfunction with resultant systemic hypoperfusion, is most commonly the result of acute myocardial infarction, decompensated heart failure, postcardiotomy shock, or acute myocarditis. The mortality associated with CS approaches 40% to 60%. [1] [2] [3] [4] The current standard of care in CS management includes timely aggressive medical management, revascularization with percutaneous coronary intervention (PCI) 5, 6 or coronary artery bypass grafting (CABG), 7 and adjunctive use of mechanical circulatory devices including intra-aortic balloon pump counterpulsation (IABP) and ventricular assist devices. [8] [9] [10] A recent database review of the temporal trends in the management of CS complicating ST-segment elevation myocardial infarction from 2003 to 2010 revealed an increase in overall incidence of roughly 55% but with significantly decreased in-hospital mortality, which could be explained by a concomitant increase in the use of early mechanical revascularization and IABP.
Despite the high morbidity and mortality associated with CS, little is known about why some hospitals may have better outcomes than others for this condition. A possibility is that CS case volume may play a role. An expansive body of literature demonstrates the volume-outcome relationship in a number of medical conditions, operations, and procedures. 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] Consensus guidelines exist regarding threshold numbers for institutional competency of both total and primary PCI, pointing toward worse outcomes below these recommended thresholds. 14, 21, 22 This relationship has not been explored for patients with CS.
In this study, we first set out to examine whether larger centers were more likely to use current standard of care therapies and advanced circulatory support devices. Second, we sought to determine whether higher annual hospital CS volume was associated with lower mortality from CS. Finally, we sought to determine whether the volume-outcome relationship for CS was independent of other patient, institutional, and geographic characteristics that are predictive of increased survival.
Methods Data Source
The Nationwide Inpatient Sample (NIS) was the administrative database used in this study. The NIS is a nationally representative database created by the Agency for Healthcare Research and Quality that provides annual data on 8 million hospital stays. It contains discharge data from a 20% stratified sample of 1000 US nonfederal specialty and public hospitals and academic medical centers that, when weighted, encompasses 97% of all hospital discharges in the United States. 23 The NIS data set includes data regarding patient demographics and comorbidities, hospital characteristics, inpatient mortality rates, and patient disposition, with each hospitalization considered as an individual entry to the database. Because the NIS has no patientlevel identifiers, the Institutional Review Board at Beth Israel Deaconess Medical Center granted this study exempt status. The NIS validates the data by performing annual external and internal quality assessments. Validations of the NIS data set have performed well when compared against the American Hospital Association Annual Survey database, the National Hospital Discharge Survey from the National Center for Health Statistics, and the Medicare Provider Analysis and Review (MEDPAR) inpatient data from the Centers for Medicare and Medicaid Services. 24 
Study Population
The study population included all patients in the NIS with a diagnosis of CS from 2004 through 2011. NIS data can be weighted to produce national-level estimates by using standard stratum-specific discharge weights provided by the Healthcare Cost and Utilization Project. Weighting is used to produce accurate unbiased estimates. Patients diagnosed with CS were identified by the presence of International Classification of Diseases, ninth revision, clinical modification (ICD-9-CM) code 78551 in the list of diagnoses generated during the course of their hospital stay. Validation studies based on this definition have demonstrated very high specificity (99.3%), moderate sensitivity (59.8%), and very high positive (78.8%) and negative (98.1%) predictive value when used to identify the diagnosis of CS. 25 Exposure, Outcome, and Covariates
The exposure of interest was the mean yearly CS case volume per hospital divided into quartiles. The primary outcome was inpatient mortality. Those patients who died in skilled nursing care and intermediate-care facilities or free-standing hospice care were excluded from the analysis. Potential confounders such as age, severity of illness, race, hospital teaching status, hospital region, and mechanical ventilation were identified and adjusted for in our final analysis. Comorbid conditions that could potentially influence patient outcome were identified using the Elixhauser Comorbidity Index, which has been shown to possess excellent discriminative power for predicting in-hospital mortality when analyzing administrative databases. 26 Elixhauser comorbidities were developed by the Agency for Healthcare Research and Quality using ICD-9 coding for comorbidity identification at patient discharge. These comorbidities are present on admission but are not directly related to the main reason for hospitalization. Commonly performed procedures that could influence patient outcome (eg, PCI and CABG for early revascularization) were identified using ICD-9-CM procedure codes and adjusted for in the final analysis. Early revascularization was defined as CABG or PCI within 24 hours of admission. To address transfer to a high-volume center as a potentially competing outcome, we excluded patients transferred to any acutecare facility.
Statistical Analysis
All analyses were performed using SAS 9.3 (SAS Institute) and SUDAAN 10.0 (Research Triangle Institute) to account for the complex survey design of the NIS. Frequencies and percentages were calculated and weighted to reflect national estimates. Weighted estimates were used for the analyses to produce accurate unbiased estimates. Categor- ical variables are presented as frequencies or proportions and were compared using the chi-square test. Inpatient mortality differences between hospital quartiles were analyzed by fitting multivariate logistic regression models sequentially to calculate odds ratios (ORs) and 95% CIs. An unadjusted logistic regression model was used to estimate the OR for inpatient mortality among patients with CS relative to quartiles of volume for CS. We then used a multivariate adjusted model, adjusting for patient age group, sex, Elixhauser Comorbidity Index, race, hospital location, and early revascularization. To account for inhospital clustering, we used generalized estimating equations with robust variance estimates. All tests were 2-sided, and P values <0.05 were considered statistically significant.
Results

Demographics and Clinical Patient Characteristics
We identified 533 179 weighted patient discharges with CS. Demographics and clinical characteristics are shown in Tables 1 and 2 . Women accounted for 41% of cases, and the majority of the patients were white (73.2% 
Hospital and Regional Characteristics
Hospitals with the highest CS volumes were more likely to be urban, large, academic centers (Table 3 ). Among hospitals with <59 cases, rural and urban nonteaching hospitals accounted for the highest proportion of discharges (76.9% and 52.5% for quartiles 1 and 2, respectively). In contrast, these hospitals represented only 6.0% of discharges at the highest volume centers.
Clinical Management and Quality of Care
Patients at the higher volume hospitals were significantly more likely to receive certain treatments both in terms of supportive therapy in the setting of organ dysfunction (ie, hemodialysis) and modalities for definitive revascularization (Table 2 ). Patients in the highest volume quartiles were significantly more likely to receive early revascularization within 24 hours of admission (34.1% versus 17.1%) than patients in the lowest volume quartile. In terms of contemporary specific revascularization options, the 2 centers with volumes in the higher quartile demonstrated significantly higher numbers of patients undergoing CABG or PCI. A similar relationship was demonstrated with the use of mechanical circulatory support including IABP, extracorporeal membrane oxygenation, the TandemHeart device (CardiacAssist, Inc), ventricular assist devices, and biventricular assist devices, all of which were used more often at the higher volume centers. In contrast, the lowest quartile hospitals used thrombolysis more than the centers in higher volume quartiles; this therapy confers less of a mortality benefit than contemporary revascularization strategies. 27 
Inpatient Mortality
The crude inpatient mortality was 38.9%. Decreased survival was seen across the strata as mean annual hospital volume decreased from the highest quartile (>106 weighted cases per year) to the lowest quartile (<28 weighted cases per year). Compared with the highest quartile of CS volume (quartile 4), patients cared for in hospital quartiles 1, 2, and 3 had increased unadjusted odds of inpatient mortality by 58% (OR (Table 4) . Although the odds of mortality remain significant, the unadjusted model yielded a wider range of ORs than the adjusted model. In addition, a statistically significant decrease in incidence of overall adjusted mortality was seen in comparison of hospital quartiles 1 through 4 (42.0%, 40.7%, 39.3%, and 37.0%, respectively) ( Table 4) .
Discussion
In this study, we demonstrated that an increase in hospital volume of patients with CS was associated with improved inhospital mortality. We further demonstrated that lower volume hospitals were less likely to offer aggressive and specific treatments for CS, and that may partially explain these differences in mortality. These findings remained robust after multivariate adjustment for relevant confounders.
There are a number of potential reasons why hospitals with high volumes of CS cases had lower mortality rates for CS. A more central factor that may contribute to this inverse relationship between hospital volume and outcome in CS is significant difference in the use of currently recommended therapies between the hospital quartiles ( Table 2) . Of particular note are the significant differences in the incidence of definitive revascularization therapies (PCI and CABG) and temporizing therapeutic measures (IABP, biventricular assist devices, extracorporeal membrane oxygenation, and TandemHeart devices). The primary therapy that has a demonstrated mortality benefit for patients with acute myocardial infarction and CS is early revascularization. Previous work has demonstrated a 13% increase in survival among patients who received early revascularization. 28 This survival benefit conferred by early revascularization was found to be independent of revascularization technique (whether PCI or CABG) and was consistent across age groups. Interestingly, despite controlling for early revascularization, center volume remained independently associated with inpatient mortality. This may be partially explained by the more frequent use of supportive therapies for multiple organ dysfunction such as hemodialysis in the higher volume centers. Of note, the highest volume centers exhibited a lower rate of PCI and IABP use than the centers in the second-highest volume quartile. The highest volume centers, however, displayed higher rates of surgical revascularization and valvular surgical intervention. This raises a question of whether recognition of etiological factors of CS, particularly with regard to valvular pathology, is somewhat evident or, most likely, whether referral to the highest volume centers is often for advanced therapies not offered at small or medium-sized hospitals. We also report significant differences in commonly practiced but adjunctive mechanical supportive therapies such as IABP or mechanical circulatory support among quartiles 1 through 4. These devices serve as a bridge lending support, viability, and time, often after revascularization or supporting the CS patient through to recovery. Our study broadens the existing body of literature on the relationship between hospital volume and outcome in patients receiving cardiovascular care. Previous work has MI indicates myocardial infarction. *Adjusted for age group, sex, race, acute MI, early revascularization, hemodialysis, teaching status of the hospital, hospital region, median household income for the patient's ZIP code, mechanical ventilation, valvular disease, pulmonary circulation disease, peripheral vascular disease, hypertension, paralysis, neurological disorders, chronic pulmonary disease, diabetes with and without chronic complications, hypothyroidism, renal failure, liver disease, peptic ulcer disease, AIDS, lymphoma, metastatic cancer, solid tumor without metastasis, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, chronic blood loss anemia, deficiency anemias, alcohol abuse, drug abuse, psychoses, depression.
demonstrated a mortality benefit in higher-volume centers in the treatment of certain etiologies of CS including acute myocardial infarction and heart failure. 29, 30 To our knowledge, this study is the first to define this relationship for the specific diagnosis of CS. Interestingly, in the multivariate analysis (Table 5) , we found certain risk factors (ie, anemia and obesity) known to portend poor prognosis in coronary artery disease to have a protective effective in CS. Chronic anemia, after multivariate adjustment for confounding, was found to be associated with decreased mortality. This result compares well with Sherwood et al, who demonstrated increased mortality associated with blood transfusions in anemic patients with acute coronary syndrome. 31 Obesity also conferred a protective effect on multivariate adjustment. This effect with obesity has been demonstrated previously in patients with other critical illnesses including septic shock and heart failure. 32, 33 The likely mechanism that confers this protection is a blunted inflammatory cytokine response in obese patients. Because the in-hospital mortality associated with CS is almost 5% higher in the lowest quartile hospitals than the highest quartile hospitals, early aggressive measures, including transfer to a higher volume center, could be considered by lower volume hospitals when managing this cohort of severely ill patients. This approach would be consistent with current American College of Cardiology recommendations for triage and immediate transfer to a PCI-capable facility with surgical backup for patients with acute coronary syndromes because revascularization has demonstrated a mortality benefit at both 6 and 12 months when compared with medical stabilization. 28, 34 Our study has certain limitations. Although billing diagnoses are captured by these types of administrative databases, the lack of laboratory data does not permit the severity of metabolic disarray to be quantified. Consequently, although some conditions may be denoted, the significance of those conditions cannot be determined. Furthermore, despite the wide scope and established validity of this database, coding accuracy and consistency of data collected are dependent on coding expertise and experience. Although the sensitivity of the ICD-9 code for CS is only moderate, the large sample size and high specificity make this cohort appropriate for this study. In addition, the temporal relationship of interventions and presence of pathology on admission, as opposed to development during hospitalization, is difficult to discern from the database alone. Many cases of CS may evolve during the hospital course, and etiology may be endogenous or iatrogenic. Discrimination of these variables is unachievable within the present methodology and would rely on previous standards such as a retrospective chart review. Mortality of patients within 24 hours of admission may reflect inherent severity of disease on presentation rather than treatment discrepancies between different volume hospitals. Because data regarding timing of mortality are unavailable in this administrative database, it is admittedly impossible to exclude this potential confounder. Despite our mortality being similar to a recently published randomized control trial involving patients with CS, caution should be used when comparing trial mortalities with observational data. 9 We excluded patients transferred to any acute-care facility because transfer to a high-volume center may represent a competing outcome. We acknowledge that this sound methodology does not allow investigation of the types of patients who are transferred and is an avenue worthy of further examination.
In conclusion, our study demonstrated an association between mean annual CS volume and inpatient mortality with more frequent use of both standard supportive and revascularization techniques in the higher volume centers. Future directions may include examining whether early stabilization and transfer improve outcomes of patients with CS who are admitted to lower volume centers.
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